The association of Magnet hospital status with improved surgical outcomes remains an issue of debate. OBJECTIVE: To investigate whether hospitalization in a Magnet hospital is associated with improved outcomes for patients undergoing neurosurgical operations. METHODS: A cohort study was executed using all patients undergoing neurosurgical operations in New York registered in the Statewide Planning and Research Cooperative System database from 2009 to 2013. We examined the association of Magnet status hospitalization after neurosurgical operations with inpatient case fatality and length of stay (LOS). We employed an instrumental variable analysis to simulate a randomized trial. RESULTS: Overall, 190 787 patients underwent neurosurgical operations. Of these, 68 046 (35.7%) were hospitalized in Magnet hospitals, and 122 741 (64.3%) in non-Magnet institutions. Instrumental variable analysis demonstrated that hospitalization in Magnet hospitals was associated with decreased case fatality (adjusted difference, -0.8%; -95% confidence interval, -0.7% to -0.6%), and LOS (adjusted difference, -1.9; 95% confidence interval, -2.2 to -1.5) in comparison to non-Magnet hospitals. These associations were also observed in propensity score adjusted mixed effects models. These associations persisted in prespecified subgroups of patients undergoing spine surgery, craniotomy for tumor resection, or neurovascular interventions.
T
he American Nurses Credentialing Center 1 Magnet Recognition Program is a rigorous program promoting quality improvement, and excellent nursing care delivery. It focuses on 5 core principles: "transformational leadership, a structure that empowers staff, an established professional nursing practice model, support for knowledge generation and application, and robust quality improvement ABBREVIATIONS: CI, confidence interval; LOS, length of stay; SPARCS, Statewide Planning and Research Cooperative System; 2SLS, 2-stage least squares Supplemental digital content is available for this article at www.neurosurgery-online.com.
mechanisms." 1 Hospitals recognized with Magnet status engage in significant publicity efforts to demonstrate their dedication to quality improvement and to align with recently enacted legislation aimed at empowering shared decision making. [2] [3] [4] [5] [6] [7] The main goal of this program is to "improve patient care."
1 These initiatives are increasingly recognized by the public, after inclusion in US News and World Report rankings, 8 and quality initiatives such as the Leapfrog Group. 9 Prior studies examining the association of Magnet recognition with outcomes for different patient groups have demonstrated conflicting results. Some have shown improved outcomes in Magnet hospitals for elderly Medicare medical and surgical patients. 10, 11 However, other investigators did not demonstrate such benefit.
The main limitation of these and other retrospective analyses is the lack of control for unmeasured confounding, stemming from the nonrandom patient allocation to particular hospitals. There has been no previous investigation attempting to answer this question in a cohort of neurosurgical patients, while controlling for unmeasured confounding.
We utilized the Statewide Planning and Research Cooperative System (SPARCS) 15 of New York to investigate whether hospitalization in a Magnet hospital is associated with decreased case fatality and length of stay (LOS) for neurosurgical patients. We employed instrumental variable analysis to control for unmeasured confounders.
METHODS

New York SPARCS
This investigation was approved by our institution's ethics review board. We used all patients (2009-2013) who were hospitalized for neurosurgical operations, and were registered in the SPARCS (New York State Department of Health, Albany, New York) 15 database. More information can be found at https://www.health.ny.gov/statistics/sparcs/.
Magnet Recognition Program
The American Nurses Association established the Magnet Recognition program in 1994. 1 Magnet recognition lasts for 4 yr. Four hundred and two facilities were recognized until 2015. It focuses on 5 core principles: "transformational leadership, a structure that empowers staff, an established professional nursing practice model, support for knowledge generation and application, and robust quality improvement mechanisms."
1 More information on this process can be found at http://www.nursecredentialing.org/Magnet. We used the program's website to identify hospitals in New York State that obtained Magnet recognition and the year this was achieved. We updated classifications each year to account for mergers or closures.
Cohort Definition
We employed International Classification of Disease-9-Clinical Modification codes to select patients who were hospitalized after neurosurgical operations ( 
Outcome Variables
We defined our primary outcome as inpatient case fatality after neurosurgical operations. Secondary outcome was LOS during the initial hospitalization.
Exposure Variables
We defined our primary exposure variable as admission to a Magnet hospital for a neurosurgical procedure.
We used the following covariates (Table, Supplemental Digital Content) for risk-adjustment: gender, age, race (Caucasian, AfricanAmerican, Asian, Hispanic, other), and insurance (uninsured, private, Medicaid, Medicare, other). Risk-adjustment comorbidities were smoking, chronic lung disease, diabetes mellitus, hypertension, congestive heart failure, peripheral vascular disease, hypercholesterolemia, coronary artery disease, history of transient ischemic attack, obesity, history of ischemic stroke, chronic renal failure, coagulopathy, and alcohol abuse.
In subgroup analyses, we additionally controlled for subarachnoid hemorrhage (clipping and endovascular groups), tumor type (glioma, meningioma, metastasis, or biopsy), or the presence of fusion (spine surgery).
Statistical Analysis
Patients admitted to a Magnet hospital or a non-Magnet institution were nonrandomly directed to either facility. In order to account for this unmeasured confounding, we employed an instrumental variable analysis. 16 The differential distance of the patient to the closest Magnet hospital (distance to a Magnet hospital minus distance to a non-Magnet institution) was used as an instrument for the treatment facility. The methodology of instrumental variables has become increasingly popular over the past decade. This method provides a way to estimate a treatment effect without bias despite the presence of confounding (ie, unknown baseline functional clinical status of patients). Instrumental variables do indeed exist. We make them all the time when we run a randomized trial. Randomization is an example of an instrumental variable, because the flip of a coin or a computer generated random number determine the treatment a subject is assigned and therefore the treatment a subject receives. However, when health services or clinical researchers think of instrumental variables they are usually conceiving of some natural experiment. Favored choices for instrumental variables in the medical literature so far have been geographic distances, or geographic rates. Prior clinical researchers have used this technique for comparative effectiveness research. Its utility lies in the fact that it simulates randomization when information on the functional status of the patients is missing. [17] [18] [19] A good instrument is only associated through the variable of interest with the outcome. 20 It is unlikely that the differential distance to the closest Magnet hospital is associated with the primary outcome in a different way, other than the choice of facility. We employed a 2-stage least squares (2SLS) method for the analysis. The F statistic in the first stage of the 2SLS model was 95, a value consistent with a strong instrument. 16 We used a probit regression for categorical variables (case fatality), 21 and a linear model for linear variables (LOS). All the above covariates were used as risk adjusters. The marginal effects of the independent variables were used for interpretation.
Measured confounding was controlled for in sensitivity analysis using traditional techniques. For categorical variables, we employed a probit regression with hospital ID as a random effects variable. Additionally, we used a propensity adjusted (with deciles of propensity score) probit regression. The propensity score of receiving treatment in a Magnet hospital was calculated with a probit model, using all the covariates above. For continuous variables, we used linear models. Logarithmic transformation of LOS did not change the direction of the observed associations and is therefore not presented. Finally, we repeated the above analyses in prespecified subgroups, specific to the procedure performed including spine surgery, craniotomy for tumor resection, craniotomy for vascular procedures, and endovascular interventions. All analyses were performed for mortality and LOS separately. The direction of the associations was the same and therefore these results are not presented further.
We calculated number needed to treat for the appropriate analyses. All results are based on 2-sided tests, and the level of statistical significance was set at .05. This study, based on 176 557 patients, has sufficient power (80%) at a 5% type I error rate to detect differences in case fatality, as small as 0.6%. We performed statistical analyses using Stata version 13 (StataCorp, College Station, Texas).
RESULTS
Patient Characteristics
Overall, there were 190 787 patients hospitalized after neurosurgical operations (mean age was 55.1 yr, with 50.8% females) who were registered in SPARCS. A total of 68 046 (35.7%) were hospitalized in Magnet hospitals, and 122 741 (64.3%) in non-Magnet institutions. The characteristics of the 2 groups are presented in Table 1 .
Inpatient Case Fatality
Overall, 255 (0.4%) inpatient deaths were observed in Magnet hospitals and 1047 (0.9%) in non-Magnet institutions. Hospitalization in a Magnet hospital after neurosurgical procedures was associated with lower case fatality in comparison to non-Magnet institutions (difference, -0.5%; 95% confidence interval [CI], -0.6% to -0.4%) in unadjusted analysis. Using a probit model with instrumental variable analysis, we identified that Magnet hospitals were associated with a 0.8% decreased case fatality (95% CI, -0.7% to -0.6%), in comparison to non-Magnet institutions (Table 2 ). This association was also present in a mixed effects probit regression (adjusted difference, -0.4%; 95% CI, -0.5% to -0.3%) and a propensity score adjusted probit regression (adjusted difference, -0.5%; 95% CI, -0.6% to -0.4%). This corresponded to 125 neurosurgical patients needed to be treated in a Magnet hospital to prevent one death. Table 2 ) that hospitalization in a Magnet hospital was associated with 1.9 d shorter LOS in comparison to non-Magnet institutions (95% CI, -2.2 to -1.5). We found similar results in a mixed effects linear regression model (adjusted difference, -0.8; 95% CI, -1.0 to -0.7).
LOS
DISCUSSION
Using a New York State cohort of neurosurgical patients, we identified an association of hospitalization in a Magnet hospital with lower case fatality and LOS. Regionalization of care in centers of excellence has been at the core of recent healthcare policy. [2] [3] [4] [5] [6] [7] Magnet hospitals have achieved superior financial performance and nursing satisfaction metrics. 1, [22] [23] [24] [25] [26] However, the association of this recognition with the outcomes of neurosurgical procedures has not been studied before.
Prior investigations have been conflicting regarding the association of Magnet recognition and patient outcomes. Some researchers have not been able to demonstrate a benefit of Magnet status. [12] [13] [14] On the contrary, others have identified superior outcomes for Magnet facilities in falls, 27 general trauma, 28 and neonatal care. 29 31 in a recent meta-analysis identified significant methodological drawbacks in all these studies. Those focus on the lack of rigorous control for unmeasured confounding, particularly the fact that patients were nonrandomly chosen for either treatment center. Our study addresses these prior limitations. First, we compiled a comprehensive statewide cohort, in order to accurately represent practice in the community. Second, we employed advanced techniques to control for unmeasured confounders. The instrumental variable analysis is expected to control for such factors and report results for patients of similar functional status. We used propensity score adjustment to control for known confounders. Clustering was controlled by using mixed effects methods. Our results were robust across techniques.
There are several potential reasons behind the superiority of Magnet institutions. Magnet hospitals have been found to have higher nursing satisfaction and autonomy, less organizational hierarchy, and are prone invest in quality benchmarking and reporting. 1, [22] [23] [24] [25] [26] [32] [33] [34] Such institutional commitment to quality improvement empowers nurses and physicians to deliver evidence-based care, establish effective communication, and identify patient problems quicker. [32] [33] [34] When focusing on policy development, it is important to recognize such effective initiatives, given the growing body of public reporting. Some of the most prominent such efforts such as Hospital Compare and the ProPublica Surgeon Scorecard have been criticized for their accuracy.
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Limitations
Our study has several limitations. Residual confounding is a possibility. However, this is minimized by using a good instrument, as indicated in our analysis. In addition, coding inaccuracies are another potential limitation. However, coding for stroke has shown great correlation with medical records. 38, 39 Although SPARCS includes all New York State hospital, we cannot necessarily generalize our results to the entire country. SPARCS does not provide any data on patient functional status (National Institutes of Health Stroke Scale). We used an instrumental variable analysis to control for such unknown confounders, similar to prior literature. [17] [18] [19] Additionally, we did not have long-term data. Neither quality metrics nor procedure specific morbidity is available through SPARCS, and therefore we cannot compare the 2 hospital settings on these outcomes. The comparison of the 2 hospitals on more granular outcomes can only be prospective. For that purpose, the NeuroPoint Alliance has created a neurosurgical registry. 40 Our goal, however, was not to compare only the neurosurgery specific care the patients got, but the overall care (including nursing care) during their hospitalization, as it is reflected in objective measures, such as mortality and LOS. Finally, causality cannot be established based on observational data, despite the use of an instrumental variable analysis.
CONCLUSION
The association of Magnet recognition with improved surgical outcomes remains an issue of debate. We investigate whether hospitalization in a Magnet hospital is associated with improved outcomes for patients undergoing neurosurgical operations. Using a comprehensive all-payer cohort of neurosurgical patients in New York State, we identified an association of treatment in Magnet hospitals with lower case fatality and shorter LOS.
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